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Abstract 
Implementing educational reform requires partnerships, and university-school 
collaborations in the form of investigative and experimental projects can aim to determine 
the practicalities of reform. However, there are funded projects that do not achieve 
intended outcomes. In the context of a new reform initiative in education, namely, science, 
technology, engineering and mathematics (STEM) education, this study explores the 
management of a government funded project. In a university-school partnership for STEM 
education, how can leadership be distributed for achieving project outcomes? Participants 
included university personnel from different STEM areas, school teachers and school 
executives. Data collected included observations, interviews, resource materials, and video 
and photographic images. Findings indicated that leadership roles were distributed and 
self-activated by project partners according to their areas of expertise and proximal 
activeness to the project phases, that is: (1) Establishing partnerships, (2) Planning and 
collaboration, (3) Project implementation, and (4) Project evaluation and further initiatives. 
Leadership can be intentional and unintentional within project phases, and understanding 
how leadership can be distributed and self-activated more purposefully may aid in 
generating more expedient project outcomes. 
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Introduction 
Funded educational projects require discerning leadership that can lead towards successful 
outcomes (Peters and Le Cornu, 2007). Government funding provides substantial 
assistance for implementing reform initiatives. For instance, $63.5 billion of government 
funds are available for Australian schools during 2009-2012 for the “Education 
Revolution” (Department of Education, Employment and Workplace Relations, 2010). 
These funds are provided also through grant applications in which research academics 
generally act as project managers (Australian Research Council [ARC], 2010). Grants that 
expect university-community collaboration (e.g., ARC Linkage grants) draw upon 
partnerships for ensuring successful outcomes. Although projects can be diverse, all 
practical educational projects must have human resources at the centre for achieving 
innovative goals. In addition, reform initiatives in education generally focus on current 
understanding of how to advance education in any particular field (e.g., Department of 
Education and Training, 2003). A new reform initiative is science, technology, engineering 
and mathematics (STEM) education, which is at the forefront of agendas in the UK 
(Department for Children, Schools and Families, 2010), the US (National Institutes of 
Health, 2010), and Australia (e.g., Department of Education, Science and Training, 2007). 
This study investigates leadership roles within a university-school partnership for 
implementing STEM education in three Australian middle schools. In a university-school 
partnership for implementing STEM education, how does leadership occur for achieving 
positive project outcomes? 
 
 
Partnerships and leadership practices 
Partnerships can build capacity and have “real potential to connect higher education to 
critical public issues” (Brukardt et al., 2004: 16). University-community partnerships 
involve motivating potential key stakeholders, promoting collaboration and team effort, 
communicating clear commitments to educational development, and distributing 
leadership (Hudson et al., 2006). Hudson and Hudson (2008) further emphasise that 
motivating and enlisting key stakeholders may present difficulties, particularly with 
existing and potential workload arrangements. Nevertheless, distributed leadership 
presents a way to alleviate potential workload issues (MacBeath, 2005). Indeed, 
management and leadership practices are pivotal to the effectiveness of any project 
implementation.  
 
There are different leadership practices such as trait leadership (Bass, 1990), behavioural 
characteristics (Bryman, 1992), contingency approach (Fiedler, 1964) and full range 
leadership, which identifies transactional, transformational, and laissez-faire leadership 
practices (Avolio and Bass, 2002). Transformational leadership, in particular, holds 
promise for managing projects, as it targets motivation, ethics and morals as the basis for 
increasing productivity (Boseman, 2008). Distributed leadership appears to have emanated 
from transformational leadership. People working on projects can be allocated areas of 
responsibility and can assume distributed leadership for achieving desired outcomes 
(Gronn, 2000).  
 
Humans are individuals and, consequently, leadership practices vary from one leader to the 
next, even within a particular leadership framework. For instance, distributed leadership 
may involve designating leadership to an individual or may involve multiple people. 
Spillane, et.al, (2001) claim that distributed leadership involves multiple leaders 
facilitating tasks for achieving established goals. Gronn (2002) later posits that educational 
goals can be more effectively achieved through multiple leaders across many positions 
within a professional learning community. Hence, there appears to be a move away from 
the single leader towards a more collaborative decision-making approach, and enlisting 
multiple leaders for enacting a reform initiative. Distributed leadership exists within a 
socio-cultural context and these leaders have commonly-shared goals (Bryant, 2003). 
Those involved in distributed leadership may enlist a range of leadership strategies, 
drawing upon practices aligned with other leadership styles such as transformational and 
transactional. Nevertheless, in a school context, “distributed leadership calls on everyone 
associated with schools to take responsibility for student achievement and to assume 
leadership roles in areas in which they are competent and skilled” (Neuman and Simmons, 
2000: 10). The context for this study allows for investigating distributed leadership and 
how it might also be self activated.  
 
STEM innovation and project management: Context 
Building programs of research in a new field such as engineering education requires an 
innovative interdisciplinary approach (Ministerial Council on Education, Employment, 
Training and Youth Affairs, 2008). King’s (2008) report to the Carrick Institute, 
Addressing the Supply and Quality of Engineering Graduates for the New Century, 
highlights the importance of developing partnerships among engineering and education 
faculties, school systems, and industry to develop contemporary engineering resources to 
support school-level mathematics, science, and technology subjects. The need to identify 
schools with similar agendas of implementing interdisciplinary problem-based experiences 
and a keenness for their teachers to learn from and work with the researchers led to the 
following model for STEM project implementation with distributed leadership. Project 
management design recognises projects as implemented in phases with ongoing evaluation 
that elicit experimental iterations to address issues as they arise for continued 
implementation (see Figure 1). This may also require establishing further partnerships in 
order to achieve desired outcomes. 
 
 Figure 1. Project management design 
 
In this study, the researchers bring to the collaboration research expertise in engineering, 
mathematics education, or science education. Each school was represented by middle 
school mathematics, science, and technology teachers, and school executives, as they had 
no engineering education teachers. Middle schooling in Australia can include grades 4-9, 
however, this project only focuses on grade 7. It was vital to the project to have 
commitment from the executives to ensure support of the project’s implementation. This 
study provides a partnership context for investigating leadership as it was a requirement of 
the grant application that conducting this research involved university-community 
collaborations. It was important to select schools on the basis of investigating how boys 
and girls engage and participate in engineering activities differently, hence the selection of 
single gender schools (male and female) and a co-educational school. The study aims to 
analyse leadership roles at different project phases for enacting successful project 
outcomes. 
 
This study investigates leadership practices within a university-school partnership for 
enacting STEM education in the middle school. This is part of a three-year longitudinal 
study across grades 7-9 which introduces engineering-based problems that build on 
existing science, technology and mathematics curricula (e.g., see English et al., 2009). 
Two of the three schools involved in this study (all girls’ school and co-educational 
school) had not facilitated engineering education with their students prior to their 
involvement in this three-year project. These two schools taught science, technology and 
mathematics classes as separate subjects. However, the all boys’ school conducted an All 
Terrain Challenge (ATC) for grades 7, which provided opportunities for students to 
design, construct and test an electric-powered all terrain vehicle. Concepts used in this 
activity involved integrating science, technology and mathematics for an engineering 
design-and-build outcome. It presented an authentic, real-world experience within a 
problem-based learning approach. Teachers’ verbal reports indicated high engagement 
from the boys in this type of activity. This led to the establishment of Extension Science 
and Mathematics classes in year 9 at the all boys’ school. The number of students in these 
classes had doubled over the past 2 years. 
 
Research Design 
This interpretive study uses information gathered from researchers’ observations of 
practices, focus group discussions with teachers implementing the project in schools, and 
resource materials that aided project implementation to analyse leadership within a STEM 
education initiative. This field research presented a semi-formal arrangement with key 
stakeholders who aimed to implement this government-funded project. It commenced with 
the three researchers and senior research assistant (authors) who planned towards securing 
partnerships in the project. Participant numbers grew as the partnerships were established. 
Participants included six university personnel (three researchers and three research 
assistants) and key staff from three large private schools (School A was an all boys’ 
school, School B an all girls’ school, and School C a co-educational school). Although 
Australian private schools receive some government funding, a large portion of their 
budgetary operating accounts is derived from parental support through substantial school 
fees.  
 
Each of the three schools had at least one school executive and one teacher mainly from 
the science education departments. Focus group discussions were in the form of meetings 
that occurred frequently during this study with each discussion at least one-hour duration. 
These audio-recorded discussions were transcribed by a professional research assistant 
(see Hittleman and Simon, 2006). The resource materials developed were teacher’s 
guidelines for implementing the engineering education activities and student workbooks 
that had information for students’ learning. Data were gathered and analysed within four 
phases, namely: (1) Establishing partnerships, (2) Planning and collaboration, (3) Project 
implementation, and (4) Project evaluation and further initiatives. These phases were 
predetermined as representing the project’s format and direction. A focus was placed on 
the qualitative data collected and analysed within each of these phases and, in particular, 
the project activities and leadership roles undertaken.  
 
Results and Discussion 
Phase 1: Establishing Partnerships 
The researchers called upon existing relationships with the three Australian private schools 
within the greater city area and sought agreement from an industry partner for 
collaboration. Dawes (third author) had conducted research at School A, (English, second 
author) had connections with the Head of Mathematics at School B involving a 
mathematics program conducted at the school, while Hudson (first author) had conducted 
research at School C. Consequently, the researchers had prior contacts for discussions 
about establishing a partnership for this study. Key personnel from the three schools 
(School A n= 4, School B n=4, School C n=5) indicated a desire to be involved in an 
innovative project that extends opportunities for their students.  
 
Other community partnerships were sought by the research team; subsequently the 
Queensland Department of Main Roads was selected as an industry partner because of 
their strong role in society and keen interest in promoting engineering education in 
schools, universities and the community. Indeed, university engineering Alumni were 
entering key positions in the Department of Main Roads, which may have been a further 
motivation for involvement in this project. Other private engineering firms were sought; 
however these partnerships did not eventuate probably because there were limited previous 
relationships and it was mentioned that firms were not willing to expend time or money on 
this type of project without direct benefit to the industries. Schools contributed financially 
to the project and were allocated equivalent resources back from the project. Main Roads, 
as an industry and government partner, provided expertise on engineering content 
knowledge, particularly to middle school students involved in engineering field trips (e.g., 
exploring the bridges around the Brisbane area). Schools provided university staff access 
to middle school students (School A n=54, School B n=21, School C n=58). All 
information about the project was provided by university staff to potential partners.  
 
School executives were informed that the project required all partners to have input into 
the draft engineering education activities. It also required the collection of data from staff 
interviews and feedback, student pre and post surveys, students’ work on completing 
engineering activities and student artefacts. Each school executive expressed a keenness 
for their teachers to learn from and work with the researchers on the engineering education 
activities. It was indicated in an emailed communication to the researchers by School A 
executive that “This will foster a culture of innovation amongst participating teachers, 
which will have a corresponding affect of improving student learning throughout the 
school, even those not directly engaged in this project”. All three schools indicated a 
strong desire to collaborate as a team for planning and implementing the engineering 
education experiences. At this point, university staff demonstrated leadership roles as the 
partnerships were in formative stages only.  
 
Though each researcher involved in the project had professional affiliations with their 
respective school partners and had brief conversations about the potential project, all 
partners had not been introduced to the research team. A meeting was established with 
each school team separately to provide an overview of the project, outline procedures for 
enacting the project, seek curriculum directions for mathematics and science subjects in 
grades 7-9 from the school partners, and clarify the number of teaching staff, classes and 
students participating in the project. Meetings with each school were more personalised 
allowing for individual school contexts to be discussed and also providing an avenue to 
discuss surveys and research consent forms, formal documentation, and involvement of 
other potential partners within the school. During these meetings, five of the six university 
personnel provided information that would inform, motivate, and engage each school into 
the project.  
 
University researchers met with each school partner within a short timeframe to maintain 
momentum. For example, the research team consulted four School B staff. The following 
day, the research team met with three school staff at School C (and within a week the team 
met staff from School A. As managing projects is context specific, this project focused on 
gender learning in engineering education, therefore, it was considered prudent to have a 
school that focused on each gender and one that was coeducational (i.e., School C). These 
meetings lasted for about one hour. The university staff also met to discuss their research 
brief and the development of a preliminary “What is engineering?” activity. School staff 
participants were also asked to provide feedback towards enhancing the activity at a 
subsequent meeting. Leadership at Phase 1 of this project was mainly enacted by 
university staff, as they were the ones with knowledge of the project. 
 
Phase 2: Planning and Collaboration 
Once formal partnerships were agreed upon, project partners had regular 1-2 hour 
meetings occurring approximately every 4-6 weeks to discuss and clarify project planning 
and implementation arrangements (e.g., memorandum of agreements, consent forms for 
data collection, engineering education tasks). These meetings were conducted at various 
locations including university and school sites. Meetings focused on sharing ideas and 
requirements across schools with the industry partner involvement for providing real-
world contexts for this interdisciplinary approach. It was at this point where school 
teaching staff members (School A n=2, School B n=1, School C n=2), who were involved 
in the project, became more active with their input into the project. Schools expressed an 
initial desire to focus on two main areas: an introduction to engineering and an activity that 
would inspire students to understand the creative aspect of engineering. Consequently, a 
matrix using the schools’ Year 7 science and mathematics curriculum was devised by 
university staff (Table 1).  
 
Table 1: Matrix of Science and Mathematics Concepts for Engineering Activities 
  Science 
Concepts 
Water Quality Forces (Drag & 
Friction) 
Floating, 
Sinking & 
Buoyancy 
Gravity & Air 
Resistance 
Maths 
Concepts 
 
Powers & factors   Physics of Roller 
Coasters 
  Physics of 
Roller Coasters 
Points, lines & planes     What Floats 
Your Boat 
Physics of 
Roller Coasters 
Intervals, rays & angles   
What A Drag 
  Physics of 
Roller Coasters 
Perimeter, area & 
volume 
Eek, it Leaks! What A Drag 
What Floats 
Your Boat 
  
Measurements 
Eek, it Leaks! King of the Hill 
What Floats 
Your Boat 
Physics of 
Roller Coasters 
Graphs   What A Drag     
Geometry Eek, it Leaks! King of the Hill     
Speed   
King of the Hill 
  Physics of 
Roller Coasters 
Problem solving 
Eek, it Leaks! King of the Hill 
What Floats 
Your Boat 
  
Ratio   
What A Drag 
What Floats 
Your Boat 
  
 
Engineering education activities were plotted within the matrix and would be used as an 
initial catalyst for partnership discussions. These engineering activities had active websites 
associated with the descriptors (e.g., “what floats your boat” was linked to the Teach 
Engineering website: http://www.teachengineering.org). Common educational teaching 
strands from each school’s mathematics and science curricula were also entered into the 
matrix (activity examples are in Table 1). This matrix allowed for partners to cross analyse 
Year 7 mathematics concepts with science concepts towards possible selection of an 
engineering education activity. A selection of potential engineering education activities 
were analysed in relation to the mathematics and science concepts that may address each 
school’s curricula guidelines. Two weeks later, partners (School A n=6, School B n=4, 
School C n=4, Main Roads n=2) met on the university site to deliberate over STEM 
education themes and activities within the matrix towards reaching a consensus about 
selecting one engineering activity. The meeting was “to encourage them to feel like 
partners so they take ownership and give collective feedback on the activities”, as agreed 
upon by the research team. The researchers provided information but also directed 
questions to school staff to facilitate involvement and input. Questioning appeared to elicit 
school staff engagement and laid the foundations towards distributing leadership. There 
was active discussion from all partners at this meeting with creative ideas for project 
implementation arising from school staff and researchers (i.e., university staff).  
 
Within the month, each school provided collective feedback on the matrix content and 
selected their preferred STEM activities. Given the existing positive relationships with 
each school, teaching staff were comfortable expressing their opinions on the matrix 
contents and making constructive suggestions to ensure their individual school needs were 
met while addressing the overall project requirements.  
 
School A staff added their existing mathematics/science integrated activity into the matrix 
with no further comment; mainly because their existing school curriculum had to be 
accommodated. In the meantime, the university team decided to pilot test two preferred 
activities (float your boat and building bridges) with Grade 7 students at another school not 
involved in the project. It was intended to gather information on the practicalities of 
implementation and evaluate towards improvements for the project schools (for the 
outcome see Hudson et al., 2009). The results of this trial allowed the researchers to refine 
the activities for the three schools to make further comments. The work included devising 
a draft teacher’s guide, sample lesson plans, and a student workbook for each activity. 
Although the first three researchers took primary leadership for their key discipline areas 
(science, mathematics, engineering, respectively), there was considerable overlap in the 
contribution to each discipline within these activities.  
 
The university partners met with each school to discuss and refine the activities. The 
teachers, who were to implement the activities, were not trained in engineering education 
but were either science or mathematics teachers within their respective schools. However, 
School B had a science teacher whose background was also in engineering, and a teacher 
from School C had a science background with her husband as an engineer who could 
discuss ideas with her. Teachers were briefed on the project aims and procedures, and were 
consulted on the two activities: “What is engineering” and “Building bridges”. Teachers 
provided minimal further feedback at this stage, possibly because they were either satisfied 
with the suitability of the activities or were unsure of what was expected of them or, in 
engineering education. Leadership requires experience and knowledge on the focus of the 
engagement, which appeared more in the hands of the university staff in Phase 2. As an 
aside, as the project progressed into the second year, the level of school contribution 
increased significantly, suggesting it may have been knowledge about what to expect in 
engineering education.  
 
A first complication was met with School A’s Head of Middle School Science (HoS) 
having just been brought into the project with no consultation from others at that school. A 
teacher at that school stated, “I think (the HoS) and I thought that we were doing 
something totally different so... we didn’t really understand what was going on.” 
Clarification of the project implementation to school staff was a continuous practice from 
the university team as the project was being moulded with the input from the pilot test and 
the key stakeholders. Nevertheless, the project direction solidified after consensus with 
partners to conduct an initial “What is engineering?” and “Building bridges” activities. 
“What floats your boat” activity was conducted by the three participating schools later in 
the year.  
 
Leadership roles were apparent with the areas of expertise. For instance, the research team 
provided leadership on the general project structure, data collection methods, and 
implementation procedures, and particularly within their respective discipline areas. 
Although it was recognised that one academic was the project leader (Professor Lyn 
English), there appeared to be no other stated designated leadership roles when the team 
devised engineering activities. Indeed, members of the team articulated responses in their 
areas of expertise, which appeared as a collaborative strategy to ensure relative equal 
distribution of workload, tasks, and input into the project. These practices may be aligned 
with distributed leadership where members within a team are allocated activities for the 
advancement of the collective goals (e.g., Gronn, 2002). 
 
School staff began demonstrating leadership as the project proceeded and as they received 
more knowledge on the project expectations. For example, School A teaching staff (n=5) 
provided leadership on designing and implementing an engineering “all terrain challenge” 
that was put forward for other participating schools to re-designed or taken in full. School 
A’s all terrain challenge focused on the students designing and constructing a Lego type 
vehicle to traverse a complex terrain during a tight budget and timeframe. 
 
Phase 3: Project Implementation – Enacting Leadership Roles 
All school staff exhibited leadership roles when implementing the activities, and inevitably 
made “executive decisions” on the direction of the activities; decisions were made mainly 
on the basis of implementation practicalities within the classroom. For example, although 
the head of department for mathematics at School C suggested more mathematical 
inclusions for the Bridge Building activity, the two teachers implementing the program 
with Year 7 students across two classrooms were unable to include all the suggested 
mathematics concepts within the allocated timeframes. Time management of planned 
lessons presented on-the-spot decision making, as indicated by a teacher from School C, “I 
think it was mostly science. There was a little bit of maths thrown in but we ran out of time 
so (Vona) and I kind of turfed it”. Consequently, School C staff taught the science and 
engineering concepts for this activity but did not cover the mathematics. This was part of 
discussions at a subsequent meeting for formulating practical plans that fuse science and 
mathematics concepts into engineering education (e.g., see Table 1).  
 
The industry partner liaised with schools to arrange related engineering excursions and 
onsite visits to bridges relevant to the bridge activity. School staff considered their own 
timetabling arrangements, curriculum demands, and logistics in transportation 
arrangements, and negotiated directly with the industry partner. The research team was not 
involved in these arrangements; consequently school staff took on leadership roles for 
implementing this part of the project. Teachers involved in the organisation commented on 
the success of incorporating real-world activities to enthuse students into STEM areas. A 
teacher from School C commented about the Year 7 students interaction with an onsite 
engineer, “When we visited that (bridge), they asked some really good questions like: Why 
did you build a beam bridge? What is the span of the piers? Why are the piers so close 
together?” Each of the schools had opportunities to visit bridges within their localities, and 
each onsite visit was organised by the school team. School B decided to take a ferry ride 
along the Brisbane River to investigate the bridges as they travelled towards them and 
under them. These two teachers devised content knowledge booklets about each of the 
bridges they were to investigate so their Year 7 students (n=63) could make informed 
decisions about the bridges. Hence, they self-activated leadership roles where they noted 
ways to improve upon the project for students’ learning and hence leading towards 
achieving the project outcomes.  
 
The research team had devised a classroom booklet in consultation with schools that aided 
each school’s implementation of the Bridge Building activities. Teachers wanted this level 
of support in the initial stages of implementation as none had been involved in teaching 
engineering lessons previously. For instance, a teacher from School A stated: 
I was very happy. I mean from starting up from having no idea and basically running 
in almost cold, I think the thing that helped me a lot was your booklet and I literally 
had to just read through that half an hour beforehand. 
Others commented on the engineering concepts and associated lessons and resources 
within the guide booklet that facilitated students’ engagement in the lessons. For example, 
one member of the research team with expertise in engineering (Associate Professor Les 
Dawes) presented Internet links that depicted the Tacoma Bridge disaster and devised 
short hands-on activities to explain the concepts. A teacher from School C said how the 
students enjoyed: “Lesson 2. Tension and Compression. They loved the Tacoma Bridge. 
They loved that. I got a lot of reaction from the kids on how it happened and a lot of 
interesting answers on why they thought it happened too”.  
 
The leadership strategies from university staff on devising engineering activity booklets 
for teachers and students helped to develop confidence in the high school teachers for 
teaching in this area. A teacher from School B stated, “I’ve learnt that the engineering 
concept is slightly different to the science concept, like the activities are more problem 
solving whereas we do more investigations so I think that is a major difference”; while a 
teacher from School A said, “I could see the obvious links with what I wanted to do in the 
classroom, teaching them the basic skills, and how to deliver that in a boy-friendly way”.  
 
During Phase 3, the enacted leadership roles for effective implementation of the project 
appeared from all partners within the project and at varying levels of engagement. A 
female teacher from School C took it upon herself to design and write a lesson plan 
incorporating one of the other activities appearing on the matrix (Table 1). She designed a 
lesson plan and created a whole-grade activity involving more than 200 Year 7 students, 
which incorporated both maths and science principles. Support from her school 
administration enabled this activity to proceed and the research team assisted in the 
organisation, observed and collected data. This lesson plan was adapted and incorporated 
into a booklet for use at the other two schools.  
 
Phase 4: Evaluation and Further Initiatives 
A stakeholders’ meeting involving all partners (n=12 plus 5 university personnel) was held 
at the end of the first year of the project to evaluate the success level of implementation, 
assess the needs of the partners, and foster new relations with teaching staff allocated in 
each school moving into the second year of the project. It was important for all concerned 
that planning and implementation issues were addressed and also to determine further 
initiatives for the following year. A teacher from School B commented on the hands-on 
activities as a way to understand STEM concepts, “Paper columns, they loved that. That’s 
definitely one activity I’d keep”. Similarly, a female teacher from School A evaluated the 
activities in relation to her all boys’ school, to illustrate: 
I loved the activity with the balloon and the skewer and the fact that the boys 
understood instantly that they need to consider the materials instead of using like a 
wooden balloon and a latex skewer they understood and it’s just a good kind of 
spectacular experiment as well. It engages them and it becomes a quest. They try not to 
pop the balloon and if there’s one thing the boys love at this age it’s that kind of quest, 
you know managing the situation and getting a successful outcome. 
 
There were issues around the use of information communication technologies (ICTs) as 
these tended to take too much time in the set up for individual or paired students to access; 
hence self-activated leadership decisions were made during implementation. A female 
teacher from School C commented as she referred to the engineering guide booklet,  
It says here again to start off students ‘explore the loads, materials and shapes tabs at 
the Forces Lab’. That would have been really great to do but again it would’ve taken 
us 15 minutes to log on so I just went through it as a demo at the front and we played 
around with a couple of them.  
 
Within these meetings, some staff self-activated a leadership role for guiding the direction 
of the project. To illustrate, the most significant issue in planning and implementation 
appeared to be the time allocation for various activities, which seemed to be over-planned 
for the reality of the classroom. Through teacher-led discussions it appeared that teachers 
implementing the activities needed to be more closely aligned with designing the activities. 
Consequently, planning of the next set of engineering education activities was handed over 
to schools with the university partner as a consultant in the process (and not the initiator). 
This distribution of leadership was hoped to address the practicalities and logistics for 
designing and implementing the engineering activities. Two common curricula areas of 
interest were identified using each school’s mathematics and science curricula. Agreement 
was reached for class teachers to attend half-day partnership workshops early in the second 
year to identify mathematical and scientific concepts to be taught and establish a 
timeframe for implementation.  
 
The aim of the workshop was for class teachers to draw up a scope and sequence matrix of 
a STEM topic. Schools were to share existing documentation available on the topic and 
actively plan a series of engineering activities in collaboration with each other and the 
university partner. This distribution of leadership aimed to encourage schools in the 
planning process for engineering education, which had not been available to them 
previously. A teacher from School B commented that there was a need for “some sort of 
process where possibly they’d get tested at the end maybe because at the moment they’re 
not getting tested”. Hence, there was flexibility for schools to select and design particular 
sets of activities around the topic “Catapult Challenge” and each school had four to six 
lessons on their designated science-based topics (e.g., levers, inclined planes, wheels and 
axles). The university partner with expertise in science, mathematics, and engineering was 
to design a culminating activity using the Catapult Challenge concept that would combine 
the key scientific concepts and add depth to students’ understanding of the mathematical 
and scientific principles in a real-world context. School teachers claimed that while they 
touched on most components to some extent in their existing curriculum, they would 
benefit from sharing the ideas amongst each other with the input from the university 
partner. The schools and individual teachers had taken responsibility and ownership for 
their engineering education unit of work with a vested interest in the outcome, as the unit 
of work would be implemented and assessed by all three schools.  
 
Distributed and self-activated leadership 
This study investigated how leadership was distributed for achieving project outcomes. At 
points, leadership was intentionally distributed in this project (e.g., Catapult Challenge 
lead-up activities), yet partners also “stepped up to the plate” where they believed their 
areas of expertise could assist. Findings indicated that leadership roles were self-activated 
by individuals or groups of individuals within a consultative process. Project leadership 
appeared where it was most required, such as: expertise in one or more of the STEM 
discipline areas; expertise in facilitating classroom teaching practices and managing 
students’ learning at appropriate levels; and expertise at resource selection, data collection 
and record keeping. Findings suggested that leadership was more visible at the point of 
providing practical knowledge for implementing the project phases. That is, leadership was 
more apparent from the university partners in phase 1 “Establishing partnerships” as they 
had more practical knowledge of the project at this time. Yet, leadership was more 
distributed within phase 2 “Planning and collaboration”, and tended to lead towards further 
distribution and self activation of leadership during phases 3 “Project implementation” and 
4 “Project evaluation and further initiatives”. Participants were more likely to self activate 
into a leadership role as knowledge of the project increased.  
 
The initial project phases of establishing partners, and planning and collaboration required 
stronger input from the university, as engineering education was not taught in these 
schools. This STEM education project was considered innovative as it fused mathematical 
and scientific concepts with technology towards implementing an engineering education 
outcome (Hudson et al., 2009). As the project advanced and school partners became more 
comfortable with the STEM innovation, teachers started to take more responsibility and, 
consequently, activated leadership for devising STEM activities. There were unexpected 
outcomes (e.g., the construction of the matrix shown in Table 1, and the variety of activities 
that can be devised around one project topic such as the Catapult Challenge), which was a 
result of varied leadership roles emerging during the project. 
 
Transactional leadership presented an exchange of rewards for effort (Avolio and Bass, 
2002) and these participants had different rewards. University staff efforts were rewarded 
with research outcomes while school staff members were rewarded through drawing on 
expertise towards devising rich programs for their Year 7 students. Transformation 
leadership appeared strong as all participants were motivated ethically and morally for 
advancing students’ education in the field of STEM (Boseman, 2008). There were no 
laissez-faire leadership practices (Avolio and Bass, 2002). The project cultured a 
professional learning community with multiple leaders at different points within this part of 
the project for achieving outcomes, which Spillane et al. (2001) and Gronn (2002) class as 
distributed leadership. The project aims were discussed in Phase 1 and were deemed by the 
partners as ethical and educational; hence partners formed commonly-shared goals (Bryant, 
2003). This study showed that leadership can occur intentionally and unintentionally within 
the project phases. Leadership was distributed at times but was also noted as a shared 
responsibility for which various partners assumed leadership roles either suggested by 
others because of a perceived expertise in an individual or individuals self-activating 
leadership roles.  
 
Conclusion 
Understanding how to enact leadership more purposefully may aid in generating successful 
and more expedient project outcomes. It can be concluded from this study that multiple 
leaders can aid the development of a project, particularly when there are multiple sites in 
which a project is implemented. Project management needs to consider how leadership 
roles can be self-activated and distributed. Self-activated leadership appeared as an impetus 
in this project as such enlistment was based on levels of expertise, including practical 
knowledge for implementing the project. Distributing leadership allowed all partners to 
take active roles, and these roles were varied to include transformational and transactional 
leadership practices. Hence, distributed leadership was noted in different forms to achieve 
outcomes. For instance, there were transactional arrangements of rewards for effort during 
the project while all appeared intrinsically motivated to achieve successful outcomes, 
which is part of transformational practices (e.g., see Avolio and Bass, 2002). Importantly, 
continuous consultation processes were at the centre of distributed and self-activated 
leadership practices, ensuring open and informative communication between all partners. 
Project partners were willing to share information and were flexible by undertaking self-
activated leadership roles that lead more readily to successful outcomes. Additionally, 
creating environments conducive to distributing leadership and self activation of leadership 
appeared as a productive way forward and was apparent within the project leader’s role. 
Leadership roles can emerge naturally if facilitated by initial project managers and, 
moreover, distributed leadership and self-activated leadership can instil a sense of 
ownership that motivates all partners towards securing successful project outcomes.  
Finally, the four phases framing this investigation (see Figure 1) aided in analysing 
leadership practices at key points or milestones. Indeed, leadership strategies varied 
according to the project phase. For example, self activated and distributed leadership was 
more likely to occur as the project progressed rather than in the initial phases. It can be 
concluded that as participants gained more knowledge of the project, other leadership roles 
can evolve to address the project aims. More research needs to be conducted about 
leadership within project phases to gain a detailed understanding of the developmental 
nature of leadership.  
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